IW-fll64  194  FRSCON  SOLDERING  PROCESS  CONTROL  EVRLURTIONIU)  BRTTELLE  1/1 
COLUHBUS  LRBS  OH  F  FIT2SIHHONS  21  DEC  B2 
DRRQ29-81-D-BlSa 


UNCLRSSIFIED 


F/G  13/B 


NL 


z/zl/gi 

Q) 


December  31,  1982 


FINAL  REPORT  FINDINGS  &  RECOMMENDATIONS 

I 

FASCAM  Soldering  Process  i 

Control  Evaluation  ■! 

Prepared  For  I 


FRED  FITZSIMMONS 

USA  ARRADCOM 
ATTN ;  DRDAR-QAT 
Dover,  NJ  07801 


Under  Contract  To 


received 

'JAN  31  1983 


battelle 


PTIC 

PEB 1  3  188(VI 


r-.-J 


V 


BATTELLE  COLUMBUS  LABORATORIES 

505  King  Avenue 
Columbus,  OH  43201 

Contract  DAAG29-81 -D-^  00 
Delivery  Order  #0224 


Prepared  By 


DISTOIBirnOW  BTAlEMFWr  A 

Approved  iot  public  releoMe; 
Oietiibution  UnlixuitfKl 


JOSEPH  SYLVESTER 

OMNI  TRAINING  CORP, 
Covina,  CA 


The  views,  opinions,  and/or  findings  contained  in  this  report  are 
those  of  the  author  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy,  or  decision,  unless  so 
designated  by  other  documentation. 


1 


EXECUTIVE  SUMMARY 


This  report  presents  the  findings  and  recommendations  of 
Joseph  Sylvester,  Omni  Training  Corp,  Covina,  CA.  During  the 
course  of  working  on  this  project,  the  writer  observed  the  ADAM 
and  RAAM  production  areas  at  the  Honeywell  facilities  in  New 
Brighton,  Minnesota.  Numerous  organizational  meetings  were  held 
at  ARRADCOM,  Dover,  NJ. 

This  report  includes  complete,  as  submitted,  the  original 
and  subsequent  revised  process  control  documents  generated  by 
personnel  at  Honeywell,  New  Brighton,  Minnesota. 

Recommendations  made  in  this  report  are  based  on  successful, 
time  proven  practices  being  used  in  industry  today.  ,■ 


RECOMMENDATIONS 


The  following  recommendations  are  presented  in  approximate 
order  of  priority;  ( 


V  'o 


1.  All  future  ARRADCOM  "Tech"  packages  should  be  written 
to  have  FASCAM  products  manufactured  in  conformity 
with  existing  specifications  —  eliminate  deviations. 


Condition  of  contract  award  be  an  acceptable  process 
control  specification.  Process  control  will  ensure 
uniformity  of  high  quality  production.  i  ui  t 


y  Codes 

j.id/or 

-jxial 


□  □ 


Solderability  testing  and  preservation  is  a  prime  requi¬ 
site  in  effective  process  control.  Solderable  materials 
and  well  controlled  soldering  processes  will  eliminate 
the  need  for  specification  deviations. 

process  control  is  dependent  upon  administration  by 
trained  personnel.  Honeywell  FASCAM  soldering  docu¬ 
ment,  Section  V  "Soldering  Certification  Training" 
outlines  their  plan.  This  program  should  be  monitored 
to  evaluate  its  effectiveness. 

Promote  similarity  of  operations  in  the  manufacturing 
effort  of  RAAM  and  ADAM  FASCAM  products.  Processes, 
controls  and  manufacturing  engineering  philosophy  and 
dedication  should  be  similar  to  ensure  uniformity  of 
high  reliability  products. 

Visits  to  the  Honeywell  facility  disclosed  that  ADAM 
productivity  and  quality  could  be  improved  by  possible 
changes  in  fixturing  and  processing. 

a.  Automatic  Insertion  Machine 

b.  Conveyor  Fixtures/Pallets 
Wave  Soldering  Machine 

All  existing  and  future  tech  packages  should  be  evalu¬ 
ated  for  proper  solder  joint  design  attributes: 

Lead  to  Hole 

Hole  to  Pad  Concentricity 
Pad  Size 


RAAM  wave  soldering  process  now  being  operated  using 
established  process  controls,  and  also  reflecting  im¬ 
provements  made  by  machine  operator  and  the  industrial 
engineer.  This  action  should  result  in  improved  quality 
uniformity. 

Present  Honeywell  FASCAM  deviation/quality  assurance 
provisions  will  be  changed  from  line  drawings  to  actual 
color  print  photography.  This  should  aid  in  determining 
acceptable  solder  connections.  Every  effort  must  be 
made  to  have  acceptance  criteria  satisfy  the  specifi¬ 
cation  requirements. 

Many  inspection  plans  have  been  discussed.  ARRADCOM 
has  a  quality  control  consultant  working  on  this  phase 
of  process  control.  Until  a  mutually  accepted  plan 
has  been  selected  and  proven  out,  the  inspection  plans 
outlined  on  the  specifications  must  be  used. 

Assemble  and  provide  ARRADCOM  engineering  personnel 
with  a  soldering  workmanship  manual  clearly  showing 
the  soldering  quality  acceptance  levels  established 
by  the  governing  specifications. 

Continue  to  conduct  soldering  technology  seminars  and 
workshops  at  ARRADCOM  utilizing  the  training  facilities 
of  Mr.  E.  Miller  to  train  ARRADCOM  engineering  personnel 
in  the  working  of  hand  and  wave  soldering. 


ELABORATION  OF  RECOMMENDATIONS 
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The  writer  recommends  that  all  future  ARRADCOM  "Tech"  pac¬ 
kages  be  written  to  have  FASCAM  products  manufactured  in  con¬ 
formity  with  contracted  specifications.  This  will  eliminate 
the  need  for  quality  deviations. 

This  is  a  time  proven  concept.  In  recent  years  there  has 
been  a  growth  of  mandated  quality  planning,  imposed  on  industry 
by  major  forces  (such  as  the  government)  in  the  economy. 

The  government  is  faced  with  placing  contracts  for  high 
volume  products  with  many  vendors.  The  technological  aspects 
of  these  can  be  unique  to  each  product.  However,  there  is  much 
commonality  in  quality  planning  so  that  standardization  of  quality 
planning  is  feasible.  An  effective  plan  is  to  train  and  control 
contractors  and  suppliers  in  quality  disciplines  to  raise  their 
level  of  sophistication  with  respect  to  quality. 

Long  life  products  have  some  quality  characteristics  (relia¬ 
bility,  shelf-life)  that  are  not  verifiable  by  conventional  in¬ 
spection  and  testing  methods.  Much  depends  on  product  design, 
the  process  capability  and  the  controls  exercised  at  the  con¬ 
tractor's  plant.  The  government  is  buying  not  only  the  product, 
but  also  such  services  as  product  design,  process  specification 
and  process  control.  The  performance  and  life  of  these  products 


is  heavily  influenced  by  some  critical  decisions  made  by  the 
contractor  in  the  early  stages  of  progression  of  the  products. 

For  the  purchase  of  modern  products,  wide  use  is  made  of 
design  review  (with  associated  design  qualification  testing) 
to  ensure  manufacturing  capability.  The  government  should  perform 
a  contractor  survey  with  emphasis  on  process  capability  data. 

To  aid  in  »\aintaining  control  during  manufacturing,  the  contract 
may  impose  mandated  quality  planning  on  the  contractor,  and  en¬ 
force  this  through  periodic  audits  or  contractor  surveillance. 

Process  controls  are  the  software  of  manufacturing  planning. 
Their  purpose  is  to  enable  the  work  force  to  set  up,  run  and 
regulate  the  process  so  the  result  will  be  a  quality  product. 

Steps  should  be  taken  to  automate  the  manufacturing  process 
to  minimize  human  error  as  well  as  to  improve  productivity;  fool¬ 
proof  the  hand  soldering  operations  to  reduce  or  eliminate  human 
error,  and  provide  computer  controls  to  minimize  human  error 
and  to  shorten  the  feedback  loop. 

Inspection  criteria  should  be  clearly  defined.  This  would 
place  ARRADCOM  in  a  stronger  contract  position  to  select  and 
work  with  the  contractor  best  equipped  to  produce  high  relia¬ 
bility  FASCAM  products. 

#2 

One  of  the  major  objectives  of  our  assigned  task  was  to 
have  a  Process  Control  Specification  written  by  Honeywell,  Inc. 
that  would  be  acceptable  to  ARRADCOM.  Attached  are  all  of  the 


Tliese  documents  are  not  being  included 
due  to  the  fact  that  they  are  Competition 
Sensitive.  This  has  been  verified  by 
Richard  Schubert,  ARRADCOM.  ( SuiwlH#*?  rfquireW  b 

ConifTitci. 

submitted  documents,  from  the  original  planning  to  the  last  docu- 
ment  submitted.  My  comments  and  recommendations  are  hand  written 
on  each  version.  It  is  obvious  that  much  time  has  been  expended 


by  all  of  the  parties  involved. 


Process  control  is  a  way  of  life  in  successful  manufacturing 
facilities  involved  in  high  reliability  production  and  programs. 

An  effective  process  control  program  is  one  where  any  devi¬ 
ation  from  the  norm  is  quickly  fed  back  into  the  system  and  the 
operation  adjusted  to  conform  to  the  established  control  limits. 


Process  control  involves: 


1.  Inspection  of  the  end  product  of  an  operation  to  deter¬ 
mine  its  acceptability. 

2.  Documentation  of  ail  pertinent  aspects  of  the  operation 
including  the  end  product  inspection. 

3.  Feed  back  of  the  defect  information  into  the  operation. 

4.  Corrective  action  based  upon  the  information  fed  back 
into  the  system  from  the  end  product  inspection. 

It  is  important  to  note  that  touch-up  is  not  and  should 
not  be  considered  a  part  of  process  control. 

A  well  specified  process  control  specification,  properly 
administrated,  is  the  only  way  to  ensure  uniformity  of  high  quality 
reliable  production. 

Line  inspection  will  generate  the  on-going  data  bank  to 


feed  back  into  the  process.  Positive  remedial  steps  must  be 
taken  immediately  to  correct  any  out  of  specification  condition. 
This  will  build  product  confidence. 


Solderability  testing  and  preservation  is  a  prime  requisite 


in  effective  process  control.  Solderable  materials  and  well 
conti  ..led  soldering  processes  (hand  and  wave)  will  eliminate 
the  need  for  specification  deviations  promoting  conformity  to 
contractual  specifications. 

Solderability  Improvement; 

Poor  solderability  of  incoming  components  and  printed  wiring 
boards  (PWBs)  is  a  common  problem  in  industry  today.  For  this 
reason,  many  electronics  companies  have  established  facilities 
for  component  lead  and  PWB  solderability  improvement.  The  cost- 
effectiveness  of  retinning  has  been  the  subject  of  numerous  semi¬ 
nars  and  papers.  The  consensus  has  been  that  providing  solderable 
boards  and  components  eliminates  many  of  the  observed  soldering 
defects.  This  results  in  better  solder  joints  with  less  time 
spent  in  touch-up  and  greatly  minimizes  the  potentially  harmful 
effects  of  solder  joint  reheating.  The  potential  savings  are 
well  worth  the  initial  cost  outlay  involved  in  setting  up  a  fa¬ 
cility  for  solderability  improvement. 

Figure  1  presents  a  simple  block  diagram  outlining  an  effec¬ 
tive  solderability  testing  and  improvement  program.  Incoming 
components  and  PWBs  are  tested  for  solderability.  Material  ex¬ 
hibiting  good  solderability  is  sent  directly  to  assembly  or  stor¬ 
age.  Components  and  boards  failing  the  solderability  test  are 
first  retinned  and  then  retested  to  verify  that  they  are  now 
solderable.  Any  decision  to  accept  components  or  boards  that 


still  do  not  exhibit  good  solderability  after  retinning  should 
be  made  by  a  Material  Review  Board  (MRB)  which  includes  a  repre¬ 
sentative  from  DCAS.  It  should  also  be  noted  that,  per  the 
specification,  components  and  boards  stored  for  longer  than  120 
days  must  be  retested  for  solderability  prior  to  use.  This  sys¬ 
tem  allows  only  solderable  material  to  be  transported  to  the 
manufacturing  areas.  All  movement  of  material,  receiving,  in¬ 
coming  inspection,  solderability  testing,  acceptance  or  rejection, 
retinning  and  ultimate  transfer  to  the  production/storage  area 
must  be  properly  documented.  These  records  should  be  made  avail¬ 
able  for  auditing  by  ARRADCOM  and/or  DCAS  personnel. 

The  establishment  of  a  solderability  improvement  program 
has  allowed  many  companies  to  achieve  higher  productivity  and 
improved  soldering  quality  at  lower  costs.  There  is  every  reason 
to  believe  that  the  RAAM  and  ADAM  lines  can  experience  the  same 
success . 

This  Solderability  Improvement  section  was  taken  directly 
from  the  FASCAM  Soldering  Committee  Report,  February  24,  1982. 
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process  control  is  dependent  upon  administration  by  trained 
personnel.  Honeywell  FASCAM  Soldering  Document  Issue  #4,  October 
26,  1982,  Section  V  "FASCAM  Training"  outlines  their  plan.  ARRADCOM 
must  Tudit  and/or  monitor  the  program  to  assess  its  effectiveness. 


During  our  visits  to  the  Honeywell,  Inc.,  New  Brighton  fa¬ 
cility,  it  was  apparent  that  there  was  dissimilarity  in  the  opera¬ 
tions,  manufacturing  philosophy  and  manufacturing  effort  involved 
in  producing  RAAM  and  ADAM  FASCAM  products.  Although  some  of 
the  materials  and  technological  aspects  of  these  products  can 
bo  unique  to  each  product,  there  is  commonality  of  quality  plan¬ 
ning  so  tliat  standardization  of  quality  planning  and  process 
control  is  possible. 

During  our  visit  to  the  RAAM  production  facility,  it  was 
gratifying  to  us  (Schubert  and  Sylvester)  to  see  the  effects 
of  the  process  control  effort  by  Messers.  Katavala  and  Babatz. 

With  this  attitude  and  dedication,  the  whole  concept  of  process 
control  is  possible.  The  government  will  then  be  purchasing 
products  with  minimal  or  no  touch-up  which  is  the  ultimate  safe¬ 
guard  in  marginal  degradation  of  solder  connections  and  components 
resulting  from  heat  problems  generated  by  hand  soldering. 

#_6 

During  our  meetings  with  Honeywell  at  the  New  Brighton  fa¬ 
cility,  we  discussed  fixturing  and  processing  of  the  ADAI'I  unit. 

First,  recognizing  the  success  of  the  RAAM  wave  soldering 
process  which  is  being  done  using  a  palietless  finger  type  con¬ 
veyor,  why  sliouldn't  the  same  type  of  processing  be  used  on  the 
ADAM  line? 

1  believe  ARRADCOM  should  organize  an  investigative  task 


force  to  analyze  the  necessary  required  changes  to  the: 

a.  Artwork  for  printed  wiring  boards. 

b.  Automatic  insertion  equipment 

c.  Elimination  of  fixtures/pallets;  use  finger  type  con¬ 
veyor  . 

#7 

During  our  visits  to  Honeywell,  Inc.,  and  now  Aerojet,  Downey 
CA,  many  of  the  engineers  discussed  the  fact  that  improvements 
could  be  made  in  product  design  to  improve  component  insertion 
and  soldering. 

It  is  important  that  all  future  ARRADCOM  "Tech"  data  pac¬ 
kages  address  the  areas  of : 

a.  Lead  to  hole  dimensions 

b.  Hole  to  pad  dimensions 

c.  Pad  size 

d.  Hole  to  pad  concentricity 

e.  PWB  shape 

proper  specification  of  component  lead  size  and  printed 
wire  board  holes  will  ensure  good  solder  joint  design  promoting 
uniform  high  reliability  connections. 

#8 

During  our  visit  to  Honeywell,  Inc.  on  December  15,  1982, 
we  toured  the  RAAM  production  line  and  had  a  first-hand  oppor¬ 
tunity  to  see  the  wave  soldering  machine  being  operated  to  the 
issued  process  control  chart. 


This  process  has  been  developed  by  Messers.  Katavala  and 
Babatz  (copy  attached) .  The  wave  soldering  machine  has  been 
customized  to  suit  the  various  types  of  printed  circuit  boards 
being  processed.  The  addition  of  the  adjustable  metal  plate 
over  the  pre-heater  section  creating  the  top  heater  effect  is 
a  worthwhile  addition. 

Mr.  Bob  Babatz  is  a  well  trained  wave  soldering  machine 
technician.  It  is  imperative  that  a  man  of  his  training,  exper¬ 
tise  and  dedication  be  kept  on  the  machine  to  continue  producing 
high  quality  products. 

#9 

Present  Honeywell  FASCAM  deviation/quality  assurance  pro¬ 
visions  will  be  changed  from  line  drawings  to  actual  color  print 
photography.  This  should  aid  in  determining  acceptable  solder 
connections.  Every  effort  must  be  made  to  have  acceptance  cri¬ 
teria  satisfy  the  specification  requirements. 

Section  #11  explains  progress  in  workmanship  manuals,  color 
photography,  color  prints,  etc,  for  both  Honeywell  and  ARRADCOM. 

#10 

This  area  can  be  addressed  by  Dwayne  Dietrich,  consultant 
to  ARRADCOM.  Until  a  plan  mutually  acceptable  to  Honeywell  and 
ARRADCOM  is  selected  and  proven  out,  the  existing  contractual 
inspection  specifications  should  be  used. 


paring  our  meetings  with  Honeywell,  it  became  apparent  that 
inspection  of  soldered  connections  was  subjective  and  also  in¬ 
fluenced  by  attitude  and  interpretation  of  the  person  doing  the 
inspection.  Most  of  the  inspection  criteria  and  subsequent  quality 
deviations  were  line  drawings  which  can  add  to  the  confusion 
since  the  accept/reject  criteria  is  not  clearly  delineated. 

A  decision  was  made  to  prepare  actual  samples  of  the  inspection 
criteria  and  then  each  sample  was  photographed.  We  now  have 
a  complete  workmanship  manual  on  35mm  color  slides  and  also  a 
complete  set  of  2"  x  3"  color  prints.  Both  Honeywell  and  ARRADCOM 
have  a  set  in  their  possession.  Work  is  in  process  to  generate 
a  Honeywell  Workmanship  Manual  (under  the  supervision  of  Dave 
Tessmer)  for  FASCAM  products.  This  manual  and  the  35mm  color 
slides  will  be  used  in  their  training  efforts  and  on  the  pro¬ 
duction  floor  to  aid  in  the  establishment  of  inspection  criteria. 

ARRADCOM  is  now  considering  making  their  own  Workmanship 
Manual  which  will  be  used  by  the  ARRADCOM  field  quality  engineers 
in  their  interface  with  contractors  working  on  FASCAM  products. 

#12 

During  the  course  of  this  task,  we  conducted  two  Soldering 
Technology  Seminars  at  the  ARRADCOM  facilities  in  Dover,  Nj. 

Working  with  Messers.  Fitzsimmons,  Miller  and  Schubert,  we  had 
two  well  attended  presentations. 

The  attendees  were  a  good  cross-section  of  management,  en¬ 
gineering  and  operations  personnel  working  at  ARRADCOM.  The 
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first  presentation  was  a  Technical  Soldering  Technology  lecture; 
the  second  presentation  combined  both  lecture  and  hands-on  sol¬ 
dering  and  thermal  profiling  work. 

The  critique  sheets  indicated  that  the  seminars  were  very 
well  received. 

This  type  of  training  should  be  continued  to  ensure  that 
the  ARRADCOM  field  quality  engineers  and  representatives  are 
conversant  with  latest  techniques,  tools,  and  processes,  and 
have  a  good  background  in  soldering  and  soldering  connection 
analysis . 

#13 

I  had  a  scheduled  visit  to  Aerojet,  Downey,  CA  with  Messers. 
Fitzsimmons  and  Schubert.  We  had  a  tour  of  the  areas  that  were 
being  used  for  FASCAM  products.  At  the  summary  meeting  (end 
of  day) ,  it  was  decided  that  I  should  spend  another  day  analyzing 
and  working  at  improving  the  wave  soldering  process.  Working 
with  John  Murphy  and  Joe  Berry,  we  developed  a  wave  soldering 
adapter  fixture  for  both  AP  and  AT  PWBs.  The  fixture  has  been 
designed  and  delivered  to  Aerojet. 

On  the  second  day,  I  worked  with  Joe  Berry,  helping  set 
up  the  wave  soldering  machine  starting  with  the  foam  fluxer, 
and  proceeding  through  the  pre-heater,  solder  wave  and  conveyor. 

I  have  completed  the  actual  in-plant  work  at  Aerojet  but 
remain  on  call  if  either  John  Murphy  or  Joe  Berry  need  assistance 
by  telephone. 


CONCLUSIONS  AND  RECOMMENDATIONS 


Based  upon  observations  of  the  manufacturing  processes  at 
Honeywell,  Inc.,  New  Brighton,  MN  and  Aerojet  Corp. ,  Downey, 

CA,  the  writer  feels  that  certain  major  activities  must  be  per¬ 
formed  to  ensure  minimum  risk  and  maximum  reliability  of  the 
finished  product. 

The  recommendations  contained  in  this  report  will  promote 
similarity  in  FASCAM  products.  ADAM  and  RAAM  are  both  delivered 
to  target  in  basically  the  same  manner;  both  are  expected  to 
face  the  same  stress  conditions  in  storage  and  in  use.  Therefore 
there  should  be  a  single,  unified  standard  of  workmanship  for 
FASCAM  products. 


